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EXECUTIVE SUMMARY

The oil price collapse of 1986 and its effect on the world oil market were the original

~ impetus for this study. assessing U.S. energy vulnerability during the 1990s. While lower oil

prices benefit the economies of oil importing nations, they also accelerated longer-term trends
that increase our exposure to a supply interruption - increased oil demand and concentration of -
production among low-cost producers in the Persian Gulf. Energy vulnerability refers to the
degree to which an energy supply and distribution sysfcm are unable to meet end-use demand as
a result of an sudden, rare, unanticipated event of large magnitude. In assessing vulnerability,'v
we include exposure and susceptibility to sudden shocks, not just the shocks themselves. In rela-
tive terms, vulnerability grows with increases in either the likelihood of damagmg shocks or the
damage that would result from a shock. -

This report focuses on the 0il supply system because it is most vulnerable to sﬁpply disrup-
tions with major consequences for national security. Oil has been described as the world’s most
important primary cbmmodity, supplying about 40% of U.S. total energy consumption, and an
even larger share for our Allies (e.g., Japan, 56%; OECD, 42%). Oil is one of the most flexible
and portable sources of energy; oil markets are global, interconnected, and intcgratéd to a much
greater extent than those of other fuels. Qil supply disruptions have occurred fairly frequently

over the last 25 years and can have major economic impacts depending on the supply/demand

balance, level of excess capacity, sharpness of the price response, the duration of the disruption,
and the policy/political response of major oil consuming nations. Our economic vulnerability to
oil supply interruptions is caused primarily by the great difficulty that the economy has in adjust-

“ing to large, unexpected increases in the price of oil. Sudden interruptions in oil supply can

cause these price splkes because oil demand is very inelastic in the "short run" - large price
increases are necessary to overcome small shortages. The economic losses come principally
from macroeconomic adjustment problems (e.g., increased inflation, higher unemployment) as

. well as higher oil import bills. Low oil prices increases our dependence on low cost oil produc-
_ _T.\;’;e’rs, principally the Persian Gulf countries. The increased share of world oil production from the
Persian Gulf directly affects the level of damages that could potentially occur from a major

interruption of supply from this volatile and unstable region. We also found that release of stra-
tegic reserves can substantially mitigate economic losses as government oil stockpiles can serve
as temporary spare capacity during a supply d1srupt10n '

In assessing changes in oil vulnerability during the 1990s, we con31dered 1) the overall

- supply/demand balance, particularly decreases in spare production capacity and increased con-

centration of production in the Persian Gulf, 2) the likelihood, size, and duration of potential oil
supply disruptions, and 3) the ability to minimize the effects of disruptions. The oil
supply/demand balance is likely to tighten by the end of the 1990s under most conceivable price
scenarios; current excess production capacity of 10 million barrels per day (MMBD) should be
far less in this period. Oil demand is expected to 1ncrease relatively slowly (about 0.5-0.6% per
year until 2000) in Western industrialized nations (i.e., OECD countries), even at low oil prices.
Oil demand will be relatively flat in the OECD nations because of 1) improvements in the
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efficiency of oil-using capital stock, 2) shift of energy-intensive basic materials industry to

- LDCs, 3) substitution of other fuels for oil (e.g., nuclear- and coal-based electricity generation),
4) fierce inter-fuel competition that will limit switching to oil in industrial and power generation
markets, and 5) high prices for final petroleum products as a result of government-imposed
taxes, even at low oil prices, which will tend to depress demand.

In contrast, oil demand is expected to increase significantly in less developed countries
(LDCs), even at relatively higher oil prices. LBL’s International Energy Studies Group projects
that LDC oil demand will reach 24 MMBD by the year 2000, increasing at about 3.8% per year
(Table ES-1). The forces of urbanization and industrialization will continue to place upward
pressure on commercial energy demand. The LBL forecast is significantly higher than other
projections -- it is at least four million barrels per day more than Chevron is projecting for these
same countries by 2000.

Table ES-1
LDC QOil Demand Forecast
(Million Barrels Per Day)

1985 1990 2000
Asia 4,06 4.5 6.3
China 1.76 2.3 3.5
Africa 1.72 1.9 2.8
Latin America 4.43 54 8.1
Middle East 1.98 2.3 3.2
TOTAL 13.95 162 240

In assessing world oil demand, we conclude that particular attention should be focused on LDC’s
because their share of world oil demand is growing fairly rapidly and because the diversity of
LDC energy markets and relative lack of reliable data is a major source of uncertainty in oil
demand forecasts.

Barring any major new discoveries, crude oil supplies from non-OPEC producers will most
likely decline by at least two or three million barrels per day during the next fifteen years
because non-OPEC producers have limited reserves and higher production costs than OPEC pro-
ducers. U.S. domestic oil production is projected to decline because of lower production from
Alaskan and older domestic fields in the 48 contiguous States, and because of relatively low
world oil prices that tend to discourage exploration and development activities. Thus, the frac-
tion of the world’s oil production that comes from OPEC countries and the Persian Gulf will
almost certainly increase during the 1990s. Such a shift is almost inevitable given the increased
requirements for imported oil and the fact that about 65% of the world’s proved oil reserves are
in the Persian Gulf and that over 90% of the world’s surplus production capacity resides in
OPEC nations.
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- Figure ES-1 shows high and low oil price forecasts of various oil companies, the Depart-
ment of Energy (DOE), and the Gas Research Institute, along with our estimate of price ranges
for low and high oil price scenarios (the shaded area). Forecasting future oil prices is particularly
difficult as oil prices have stubbornly refused to behave as predlcted during the last 15 years.
The price trends are presented as relatively smooth paths;-however, it is likely that actual price
trends will be more erratic and cyclical than the smooth rates represented in the projections. The
high oil price scenario assumes moderate and improving economic growth rates over the next 15
years (2-3%/year), some degree of OPEC cohesion and agreement on production and pricing
levels, and that these price levels ‘will not suppress demand or stimulate large-scale exploration
" in high-cost frontier areas. The low oil price scenario is more likely to occur if OPEC producers
decide to maintain market share through higher production, even if it means lower prices, or 1f
the demand for oil does not respond strongly to the current low price regime.

By the year 2000, 011 prices are projected to be in the $28-34/barrel range under the hlgh oil
price scenario, and between $18-24/barrel in the low price case (expressed in 19869%). Relative to
the high oil price scenario, U.S. oil demand could increase by 1-1.5 million barrels per day and
production could decrease by 1-2 MMBD given a sustained period of low oil prices (Table ES-
2). By the mid-1990s, even with higher oil prices, the United States will need to import about
50% of its oil; imported oil is likely to supply over 60% of our requirements in the event of
lower oil prices. U.S. oil imports could range between 8 and 11 MMBD, depending on oil prices,
a significant increase from the current level of 5 MMBD. Our Allies in the OECD countries are
expected to be even more dependent on imported oil, with requirements of between 13 and 16
MMBD by the mid-1990s. OPEC exports as a fraction of non-Communist world oil demand are
likely to exceed 50% by the mid-1990s, approaching levels obtained in the 1970s, compared to
their current share of 30%. Saud1 Arabia, Iran and Iraq are hkely to be the principal swing pro-
- ducers. -
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Table ES-2

World Energy Outlook: High and Low Qil Price Scenario

High Oil Low Oil
Price Price
Scenario Scenario
1990 1995 2000 1995
Qil Prices
(1986 $/bbl) 20 26 33 15-20
U.S. Oil Demand
(MMBD) 17.0 - 17.0 17.1 18-18.5
World Oil Demand
(MMBD) 50.2 52.1 54.6 53-54
U.S. Domestic
Oil Production
(MMBD) 9.4 8.0 7.2 6-7
U.S. Energy
Demand (Quads) 83 89 94 88-91
% U.S. Imports 41 49 55 62-67
% World Qil
Supplied by OPEC 46 52 56 62

We conclude that our exposure to an oil supply disruption will increase substantially in the
1990s for the United States and its Allies because the world oil supply/demand balance will be
tighter and because, compared to today, much more of the world’s oil production will again be
concentrated in the Persian Gulf, a small and politically unstable region. In addition, it is worth
noting that there is a high likelihood that the current excess capacity that exists in much of the
U.S. gas and electric industry will be substantially reduced by the mid-1990s, which will further
limit response flexibility and options, and thus increases our exposure relative to the current
situation. A recent study by Rowen and Weyant estimated that a year-long supply interruption of
50% of oil production from the Persian Gulf during the mid-1990s would cause economic losses
of between four and six percent of U.S. GNP under high and low oil price scenarios, respectively
(assuming no release of strategic reserves). Use of government-held strategic petroleum
reserves significantly reduces economic losses - by almost a factor of two (e.g., from six to about
three percent of U.S. GNP in the low oil price scenario) although the dollar magnitude of losses
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are still enormous (Figure ES-2). It is important to note that the scenarios considered by Rowen
 and Weyant are larger than actual disruptions that have occurred, although they are internally
consistent and plausible for use in a vulnerability assessment..

The report is organized into the following chapters. In Chapter 1, we define energy vulner-
ability, discuss the context of this study, and describe the limitations on its scope. The next two
chapters trace the international and U.S. response. to-the oil price shocks of the 1970s. In
Chapter 2, we show how the underlying forces of weak demand for oil, increases in non-OPEC
production, and OPEC’s loss of market share fundamentally altered the basic oil supply/demand
balance and the international politics of oil, which set the stage for the sharp fall in oil prices that
occurred in early 1986. Chapter 3 discusses key trends that have influenced the U.S. energy sys-
tem during the last decade, in the context of assessing vulnerability: 1) greater reliance on
market forces and deregulation of some energy markets, 2) increased development of domestic
energy sources, 3) conservation, 4) development of the Strategic Petroleum Reserve,
strengthened IEA agreements, 5) inter-fuel substitution and increased reliance upon electricity,
and 6) increased fuel-switching capability in industrial and power generation markets. In gen-
eral, we conclude that the economic and political responses to the energy price shocks of the
1970s have produced a more flexible and resilient energy system in the United States.

Chapter 4 discusses the energy supply and demand outlook during the 1990s and presents
two possible world energy outlooks that are linked to higher and lower oil prices. Chapter 5
focuses on oil vulnerability and discusses key threats to the international oil supply system,
assesses changes in U.S. oil vulnerability during the next decade, analyzes the effects of strategic
inventories in mitigating a possible supply disruption, and presents quantitative indicators of
U.S. vulnerability under several different conditions. ‘
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Chapter 1

INTRODUCTION

Background

The vulnerability of the U.S. energy system is a major national security concern. The econ-
omy of the United States--the nation’s ability to produce goods and services and the value of its
capital equipment and infrastructure--depends upon a steady supply of energy. Experience dur-
ing the 1970s showed that even relatively small disruptions in U.S. oil supplies can cause huge
economic losses. In 1973, a four-month disruption in oil supply affecting about 20% of the oil
produced by Arab OPEC members, reduced the U.S. GNP by 5% for one year and, in 1979-80,
a similarly small disruption caused by the Iranian revolution and the Iran-Iraq war reduced the
GNP by 3%.

For many years, concern about the security of the U.S. energy supply has influenced
government policies and led to the creation of government programs. Throughout the 1960s, for
example, the U.S. operated under an oil import quota that held the domestic price of oil well
above the world price. This policy was intended to reduce U.S. dependence on insecure foreign
oil supplies. Currently, many government policies encourage the discovery and development of
domestic energy sources. In addition, two major government programs are designed to improve
the security of U.S. energy supply: 1) the development of the Strategic Petroleum Reserve, and
2) U.S. involvement in the International Energy Agency (IEA), a cooperative arréngement with
other nations that import oil.

As part of a program review, the Department of Energy’s Office of Energy Emergencies is
reexamining U.S. energy vulnerability in the 1990s. This is a propitious time for such a review,
since a recent dramatic collapse of world oil prices has allowed us to observe the start of the
chain of events that that collapse has set in motion. The 1990s is the first period during which
changes in policies and programs can have a major effect on U.S. energy vulnerability, and as
will be discussed below, it also appears to be a time of greatly increased U.S. energy vulnerabil-

ity.

The Scope of the Energy Vulnerability Problem
Glassey and Craig have defined energy vulnerability as follows:

““Vulnerability refers to the degree to which an energy supply and distribution system is
unable to meet end-use demand as a result of an unanticipated event which disables com-
ponents of the system. The kinds of events referred to are sudden shocks, rare, and of large .
magnitude.”’

This definition is a good starting point but requires some modification. First, vulnerability
suggests the exposure and susceptibility to sudden shocks rather than the shocks themselves.
Vulnerability is like the presence of a volatile mixture in an area where sparks may occur, rather
than the sparks themselves. Thus, vulnerability may increase gradually even though the shocks
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are sudden. In particular, vulnerability includes susceptibility to the effects of sudden recogni-
tion of the importance of a gradually developing economic, environmental, or safety problem.
Vulnerability grows with increases in either the likelihood of damaging shocks or the damage
that would result from a shock. '

Vulnerability is not synonymous with use of imported energy. Imports may be more or less
~ subject to sudden shocks, and the nation may be more or less able to withstand them. Further-
more, domestic energy supplies may also be vulnerable. '

This study focuses on the elements of the U.S. energy system that are vulnerable and linked
to U.S. security. However, the security issue involved is not primarily that of energy for military
operations. The energy needs for purely military purposes tend to be low. (Even during the
height of the Vietnam war, the military accounted for no more than 10% of U.S. energy con-
sumption.) Direct and indirect economic effects of energy vulnerability on U.S. security are the
dominant concemn in this report, because, in the long run, U.S. security depends principally upon
our economic strength. Overall, it is useful to classify as a security concern of the nation any
matter, military, diplomatic, or economic, over which the nation might be prepared to use mili-
tary force. Civilian programs designed to reduce energy vulnerability are alternatives to military
actions.

There are a number of limitations on the scope of our study. For example, we did not con-
sider the vulnerability of the U.S. energy system to nuclear war, not because it does not exist,
but because it is dwarfed by the larger concerns of such a war. Similarly, we omit the energy
‘vulnerability aspects of any other major changes which are speculative and for which energy is
not an important focus. We also do not focus on events that are too small or too local to be of
national security concern. Thus, the effects of earthquakes, tornados, and isolated blackouts are
not discussed in detail. Finally, we do not consider vulnerability to gradual changes of an
inherently economic nature. Thus, for example, we are not concerned about the possibility of a
gradual development of a refining capacity shortage, except as it contributes to our susceptibility
to sudden shocks. We are, however, deeply concerned about political and military events with
economic consequences, such as the ones that interrupted Persian Gulf oil supplies in the 1970s.

Approach and Organization of the Report

In this study, we assess and discuss the most critical international threats to U.S. energy
security during the 1990s, in the context of two different oil price forecasts. We also summarize
the degree to which a consensus exists on key issues: the supply/demand outlook, the response
capabilities of various U.S. energy systems, and agreement on most serious threats. In preparing
this report, we reviewed previous studies of the vulnerability of U.S. energy systems and the
impacts of past supply disruptions, recent analysis of key trends in world oil and energy markets,
and forecasts of future supply and demand. The report focuses on the oil supply system, because
it is most vulnerable to supply disruptions with major consequences for national security.

In Chapter 2, we review key changes that occurred in the world oil market following the
sharp price increases of the 1970s and that helped create the conditions for the recent oil price
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collapse: weak demand for oil, increased market share and influence of non-OPEC producers,
and declining OPEC production. We briefly describe the history of the U.S. energy system in
order to provide a context for the current situation (Chapter 3). In géneral, we conclude that the
economic and political responses to the energy price shocks of the 1970s have produced a more
flexible and resilient energy system in the United States. In Chapter 4, we discuss the energy
supply and demand outlook during the next decade and present two plausible scenarios, one in
which oil prices will be higher, and one in which they will be lower. Chapter 5 focuses on oil
vulnerability. We discuss key threats to the international oil supply system, assess changes in
U.S. oil vulnerability during the next decade, analyze the effects of strategic inventories in miti-
gating a possible supply disruption, and present quantitative indicators of U.S. vulnerability
under several different conditions.



Notes to Chapter 1

H.S. Rowen and J. P. Weyant, ‘‘ The Oil Pnce Collapse and Growmg Amencan Vulnera-
bility’’, (draft), 1986, p. 4.

W. Clark, Dispersed, Decentralized and Renewable Energy Sources: Alternatives to -
National Vulnerability and War, Federal Energy Management Agency, December 1980, p.
1. -
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Chapter 2

MAJOR TRENDS IN THE WORLD OIL MARKET

In this chapter, we highlight key developments in the world oil market, focusing on the
changing roles of the major oil companies and producer nations. We analyze forces that were
set in motion as a result of the sharp oil price increases of the 1970s: the changing structure of
world oil demand, the growth in non-OPEC oil supplies, and effects of these two changes on
OPEC oil production and revenues. Finally, we show how the underlying forces of weak demand
for oil, increases in non-OPEC production, and OPEC’s loss of market share fundamentally
altered the basic supply/demand balance and the international politics of oil, which set the stage
for the sharp fall in oil prices in early 1986.

Background

During the second half of -the nineteenth century, the oil industry was comprised of many
small producers, refiners, and marketers. However, as early as 1880, a few large multinational
companies began to dominate the industry. These companies were integrated vertically and
sought control over all aspects of the production process -- linking upstream with downstream, |
and production with refineries and end-use markets. Initially the companies tried to obtain own- '
ership of crude oil at its source. The first Middle East oil concession included nearly 87% of the
territory of contemporary Iran and was given to William D’Arcy (later taken over by British
‘Petroleum) by the Shah of Persia in 1901 for a period of 60 years.

U.S. companies could not gain access to Middle East oil until the 1920s, through participa-
tion of Mobil and Exxon in the Turkish Petroleum Company, and only then because of substan-
tial political pressure by the U.S. government. By the late 1920s, the major oil companies were
concerned about a potential oil glut and price wars. In 1928, the major companies negotiated the
Red Line and the Achanerry agreements, which gave them market control and enabled them to
achieve relative price stability. In the Achanerry agreement, Royal Dutch Shell, Anglo-Persian,
and Standard Oil of New Jersey sought to preserve markets and limit competition by 1) accept-
ing each participant’s market share as fixed, 2) adding new facilities only as needed, 3) prevent-
ing surplus production from one area from upsetting price structure in another area, and 4)
developing a uniform pricing structure for delivered oil regardless of its actual origin.” In the .
Red Line agreement, the companies participating in the Turkish Petroleum Company agreed not
to pursue independent development of oil resources in an area including Saudi Arabia, Iraq,
Syria, Jordan, Turkey, and Israel, and, in essence, established the first joint venture. Additional
agreements were negotiated during the 1930s, in response to price cuts that resulted from large
new discoveries (é. g., in East Texas) and reduced demand from the Depression. We can see that
OPEC’s post-1970 price fixing and production quotas are not without historical precedent.

In summary, from the 1920s to mid-1960s, international oil markets were dominated by a
relatively small number of major oil producing companies. Oil prices were relatively stable,
low, and, in real terms, declining (Fig. 2-1). Stability during this period came in part from: 1)
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strong barriers to market entry, 2) production controls in the U.S., the one country where market
entry was relatively easy, 3) vertical integration and planning, 4) consortium agreements and
joint ventures that guided expanded production among the major producers and 5) uniform pric-
ing.” In most cases, the major oil companies internalized the impacts of various economic and
political crises, such as the Depression and World War 1I, during this period. The major oil
companies’ control was epitomized by their ability to circumvent producer nations’ attempts to
gain greater control of their own oil resources. For example, in 1951, Iran, following in the
footsteps of Venezuela, attempted to raise its profit-sharing royalties from Anglo-Iranian from
12.5 to 50%. The Iranian National Assembly refused a counter-offer from Anglo-Iranian and, in
May 1951, under the leadership of Mossadegh, attenipted to nationalize Anglo-Iranian, estab-
lishing a state-owned company, the National Iranian Oil Company (NIOC). The other oil com-
panies, in response, successfully boycotted Iranian oil; Iranian oil exports fell to less than $1
million per year between 1951 and 1953, compared to over $400 million in 1950. Prior to the

boycott, Iranian oil accounted for almost 20% of world exports, but the oil companies were able

to offset the loss of Iranian oil by increasing production in the other Persian Gulf nations.
Finally, in 1953, Mossadegh was overthrown in a CIA-supported coup, and the oil companies
regained effective control over Iranian production.

The first crack in this system came in the late 1950s with the appearance of independent oil
companies in international markets. The independents, who offered to oil-producing nations
more generous terms than the major companies, got concessions in newly independent countries
like Libya, Algeria, and Nigeria. During the early 1960s, independent producers developed
aggressive marketing strategies, particularly price-cutting, as the majors’ share of world oil pro-
duction began to decline.

In 1960, at about the same time as the independents’ move into international markets,
OPEC was formed by five major producer nations, initially as a reaction to the major oil com-
panies unilateral reductions in posted oil prices. During the 1960s, OPEC achieved some lim-
ited gains, including a greater share of oil company profits. Then, in 1968, OPEC announced its
intention to seek ownership of production and control over production and prices. The signifi-
cance of the OPEC policy declarations became apparent only in June 1970 when Libya, led by
Colonel Qadaffi, successfully reduced the production quota of Occidental Petroleum Company
by 45%, and got Occidental to raise the posted price of low-sulfur crude and agree to a retroac-
tive tax increase.5 The Libyans won this agreement by taking advantage of rivalry between the
major and independent oil companies, Occidental’s dependence on Libyan oil, a tight European
oil market, and the U.S. military’s relative unavailability to respond to the situation because of
its involvement in Vietnam. Other countries were quick to use the Libyan strategy and assert
their authority, which led to agreements at Teheran and Tripoli in early 1971. As a result of

these contracts, for the first time, posted prices for oil were set by oil companies and host

governments together. Two years later, in October 1973, the OPEC countries unilaterally

decreed an increase in posted prices, while a group within OPEC, the Organization of Arab

Petroleum Exporting Countries (OAPEC) announced production cutbacks. The OPEC govern-
ments also moved toward complete ownership of producing operations as the major oil
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companies accepted the reality that defacto control of oil had passed to the host governments.
The oil companies then negotiated compensated transfers of title to the oil, maintaining various
degrees of involvement in production and marketing. Within a decade, a profound transforma-
tion occurred in the ownership of oil reserves. In 1970, seven major companies owned 61% of
world reserves and moved about 90% of the internationally-traded oil. By 1981, the seven com-
panies owned 31% of world reserves.

From 1965 to 1973, world oil demand grew at six to seven percent per year, because of
economic growth, declining real oil prices, and the resulting switching from other fuels. By
1965, the Middle East had displaced the United States as the world’s largest crude oil producing
area. During this period, crude oil production from OPEC nations grew from 14 million barrels
per day (MMBD) to 31 MMBD, an increase of 120%. The growing dependence on OPEC pro-
duction set the stage for the two oil price shocks, in 1973-74 and 1979-81, during which the offi-
cial price of Mideast Light Crude Oil jumped from $3.00/barrel to almost $33/barrel (Fig. 2-1).

Impact on World Oil Demand

World oil demand decreased after the 1973-74 embargo but recovered within two years
(Fig. 2-2). This rather mild response to very large price increases reflects the low short- and
medium-term demand elasticity of oil; large changes in price induce relatively small changes in
consumption. Non-communist world oil consumption peaked in 1979 at 51.2 MMBD, and has
declined by 11% through 1984.

_ A look at the components of world demand indicates that growth in oil demand has shifted
from the industrialized nations to the less-developed nations and centrally planned economies.
Between 1970 and 1985, the share of world petroleum demanded by the Organization for
Economic Cooperation and Development (OECD) fell from 71% to 57%, while demand from
less-developed countries (LDCs) increased from 14% to 23% (Fig. 2-3). Oil demand in OECD
countries has actually dropped by around six MMBD from 1973 levels (declining at an annual
rate of 1.3%) as a result of decreasing economic growth rates, conservation, and fuel substitu-
tion. Exchange rate movements between 1980 and 1984, specifically the appreciation of the dol-
lar relative to major European currencies, also tended to dampen demand in some OECD
nations.7 For example, between the fourth quarter of 1980 and the first quarter of 1984, real oil
prices actually increased in France, Germany, and the United Kingdom (by 23%, 14%, and 17%
respectively), in sharp contrast to the 25% drop in U.S. real prices (Table 2-1).
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Table 2-1

_ Percentage Chanﬁes In Imported Oil Prices (Real $)2

France Germany UK. Japan USA
Oil Shock and '
Recession:
1973:1-1976:4 233.5 203.8 275.5 228.1 230.2
Dollar Depreciation: '
1976:4-1978:4 -20.3 : -20.5 -21.2 -34.5 4.0
Oil Shock II
1978:4-1980:4 199.3 1312 47.4 153.1 106.5
The Dollar’s Rise:
1980:4-1984:1 225 _ 144 v 16.6 -51 -24.9
(1980:4-82:4) 36.0 26.8 254 262 -6.4
(1982:4-84:1) -10.0 -9.8 -7.0 -24.8 -18.7

21 Realoil prices are measured as the marker price of Saudi Arabian oil, in dollars, divided by
a domestic price index for each country, also expressed in dollars. Exchange rates and oil
prices from the International Monetary Fund, International Financial Statistics. Price
indexes are gross domestic product deflators, from OECD Main Economic Indicators, ex-
cept for France, where the consumer price index (from the IMF IFS) is used.

Source: Cambridge Energy Research Associates, The Third Oil Shock: Exchange Rdt_es and
Prices, July 1984.

Growth in non-OPEC Qil Supplies

The oil price increases of the 1970s also set in motion an intensified search for oil supplies
in nations outside of OPEC. Between 1974 and 1984, approximately 7.5 MMBD of new produc-
tion capacity were added outside OPEC in the non-Communist world. Major discoveries in the
Alaskan North Slope, the North Sea, and Mexico began to have an impact during the late 1970s
and early 1980s. In addition, other countries were able to increase their oil production, so they
could rely less on oil imports (e.g., Brazil and India increased production by 850 thousand bar-
rels per day between 1977 and 1985). The net effect of these oil supply additions was that non-
OPEC producers gained market share and influence. Currently, the world oil market consists, in
broad terms, of two streams of producers: OPEC and non-OPEC. The non-OPEC producers are
principally medium- and high-cost producers who supply at or near capacity. Low-cost OPEC
producers, in contrast, are operating well below sustainable capacity and have become the swing
or marginal producers.” Morris Adelman sees this combination as analogous to ‘‘water running
uphill’’ and notes that:
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1) prior to 1973, development of reserves followed a pattern that was more typical of a com-
petitive market: low-cost reserves were being developed at an accelerating rate, while
development of high-cost reserves was slowing down, and

2) 'since 1973, higher cost reserves have been developed by “pﬁce' takers’> who have
responded to high oil prices, while the Saudis, the chief price makers, have restricted
investment and output to maintain a high price.

Impact on OPEC Production and Revenues

Changes in the world oil market brought about by reduced demand, particularly in the
OECD nations, and increased non-OPEC oil production have occurred at the expense of the
OPEC producers. The demand for oil from OPEC producers has dropped dramatically -- from
31 MMBD in 1979 to 17.4 MMBD in 1984 (Fig. 2-4). OPEC production has mostly decreased
in Saudi Arabia, Iran, and the other Arab OPEC nations. These producers have been willing to
adjust production to promote their economic and political goals and have not behaved as com-
petitive producers in classical economic terms. They have become the residual or swing sup-
pliers in a: world oil market that has an estimated 8-10 million barrels per day of unused capa-
city, most of which belongs to OPEC (Table 2-2).

Table 2-2

Current OPEC Production Capacity

(Million Barrels Per Day)
Maximum
Installed | Sustainable? Available?
Saudi Arabia 12.84 10.30 8.10
Iran® 7.00 5.50 3.20
Kuwait ' 3.24 2.30 1.55
Iraq 4.00 - 3.50 1.75
United Arab Emirates 2.55 242 1.55
Qatar 0.65 0.60 0.60
Libya 2.50 2.10 - 1.75
Algeria 1.20 - 0.90 0.90
Nigeria 2.50. 220 1.90
Gabon 0.25 0.25 0.25
Ecuador 0.30 0.29 0.29
Venezuela 2.60 250 2.20
Indonesia 1.80 . 1.65 - 1.65
Total OPEC 41.43 34.50 25.69

;I . . - . L
Maximum sustainable capacity represents the production level that can be maintained for
several months.
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bAvailable capacity reflects production ceilings of various countries and limitations on Iraq
because of the Iran-Iraq war.

°In both Iran and Iraq, maximum sustainable capacity refers to capacity before the war and does
not take into account effects of the war.

Source: Arthur Anderson & Co. and Cambridge Energy Research Associates, World Oil
Trends: A Statistical Profile, 1986.

OPEC revenues peaked at $275 billion in 1980 and declined to $134 billion in 1985,
which is comparable to revenues in the mid-1970s (Fig. 2-5). OPEC revenues are projected at
between $80 and $90 billion for 1986. Since oil revenues account for 90% of OPEC coun-
tries’ total export income, Thus, falling revenues have created severe economic difficulties for
many of these nations. Those oil-exporting nations with large populations or huge foreign
debts, Mexico, Nigeria, and Indonesia, have been particularly hard hit. In addition, Iraq and
Iran require large revenues to sustain their war against each other. OPEC hoped to increase
falling revenues by stimulating demand through lower prices (e.g., in 1983 OPEC dropped the
price of oil from $34 to $29 million barrels per day). However, these price reductions were
effectively negated by the rapidly appreciating dollar, which meant that the real price of
imported oil was actually increasing in much of Western Europe from 1981 through 1983.

During the 1980s, the oil supply glut has led to continuing downward market pressure on
oil prices. OPEC has had increasing difficulty in maintaining official prices and production
quotas. Periodically, OPEC has reduced production and cut prices in response to mounting
pressures. For example, in March 1983, OPEC adopted a crude oil production quota of 17.5
MMBD; only 18 months later, it was forced to reduce it to 16 MMBD. However, the revenue
requirements of individual OPEC nations created strong temptations to ‘‘cheat’’, and several
countries produced in excess of their individual quotas or offered price discounts in order to
increase market share. By mid-1985, the glut in oil supplies had forced the principal residual
producer, Saudi Arabia, to cut its production to less than three million barrels per day (com-
pared to peak levels around 9.9 MMBD in 1980), well below its implied OPEC production
quota. In August, Saudi production declined further to 2 MMBD. At that point, the Saudis
decided to move aggressively to regain their lost market share. With their low production
costs and large unused production capacity, they could, in principle, improve net revenues by
increasing production and letting world oil prices fall.”~ The Saudis increased their produc-
tion to around 4.5 million barrels per day during the first half of 1986, and guaranteed a
market for much of this oil by agreeing to sell slp:?ciﬁed quantities of oil to several large oil
companies using netback pricing arrangements. - In essence, the Saudis decided that they
were no longer willing to prop up the world price of oil, which required them to cut back their
production steadily. Along with some other Persian Gulf producers, the Saudis had reached
the conclusion that falling prices would slow down conservation and the substitution move-
ment away from oil, and stimulate renewed o0il demand in the future.14 In December 1985,
OPEC formally announced that it would pursue a strategy in which it sought to achieve a
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certain share of the market (initially unspecified but estimated at between 17 and 20 MMBD).
Following this meeting, increasing volumes of OPEC crude .oil entered the world oil market
accompanied by expectations of further increases, and prices began to fall sharply, from $26-
28/barrel to less than $15/barrel in early 1986. ’
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For much of the world, oil prices are determined by the U.S. dollar price of internation-
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Cambridge Energy Research Associates (CERA), The Third Oil Shock: Exchange Rates
and Prices, p. 4.

See Yergin and Kates-Garnick, Reshaping of the Oil Industry.
M. Adelman, “‘An Unstable World Oil Market’’, The Energy Journal, 6:1, January 1985.
CERA, The Third Oil Shock: Exchange Rates and Prices, p. 6.

Energy Information Administration, The Impact of Lower World Oil Prices and Alterna-
tive Energy Tax Proposals on the U.S. Economy, April 1986.

Arthur Anderson & Company and Cambridge Energy Research Associates, World Oil
Trends: A Statistical Profile, 1986, p. 5. In netback pricing, the crude oil price is deter-
mined after the fact based on the buyer’s final product mix, the market price value of
these refined products at a specified date, with a profit margin included.

D. Yergin, Cambridge Energy Research Associates, ‘‘Testimony presented to the Senate
Finance Committee, Energy and Agricultural Taxation Sub-committee’’, Feb. 28, 1986.
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Figure 2-1. Official and spot prices of Midéast Light crude oil.

Source: Arthur Anderson & Co. and Cambridge Energy Research Associates, World 011
Trends: A Statistical Profile, 1986.
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OPEC Crude 0Oil Production
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Chapter 3

EVOLUTION OF THE U.S. ENERGY SYSTEM: KEY TRENDS

In this chapter, we identify the major economic and political responses to the 1970s
energy price shocks, focusing on those that significantly influence the current U.S.
energy supply/demand picture. We also describe changes in the U.S. energy resource mix
over time, analyze energy consumption patterns by sector, and examine trends in energy
prices, all of which provide historical context for our assessment of U.S. energy vulnera-
bility in the 1990s.

U.S. Energy Consumption: Historical patterns

The United States has large supplies of indigenous energy resources and has been
able to rely on domestic energy sources to a far greater extent than other industrialized
nations have. Fuel wood was the first major source of energy in the United States. At the
turn of the 20th century, it was replaced by coal, which was increasingly used as industry
and use of steam locomotives grew. U.S. coal production peaked at over 570 million tons
in 1926, declined sharply during the Depression, and peaked again in the aftermath of
World War IL U.S. oil drilling began around 1860. Oil was first used for lighting, heat-
ing, and lubrication. ‘The invention of the internal combustion engine and subsequent
rapid growth in number of vehicles powered with that engine dramatically increased oil
consumption. The early history of the petroleum industry was a search for oil that
involved accidental and sometimes annoying gas discoveries. Initially, natural gas was
recovered with oil, but had little perceived value and'\_vas often flared. The advent of
- long-distance seamless welded pipe and industrial growth in the Southwest opened up
significant markets for natural gas after World War II. By 1970, natural gas and oil
(including imports) accounted for almost 77% of total pnmary enefgy cohsumption (Fig.
3-1).” U.S. oil and gas imports almost doubled between 1970 and 1980, from 7.7 to 145
quads. By 1985, the U.S. had reduced its reliance upon oil and gas somewhat, as their
share of total primary energy use dropped to 66%.

Historically, the industrial sector has used the most energy (Fig. 3-2). However,
since 1960, the industrial sector’s share of total primary energy consumption has
declined by eight percent, principally because of output declines in energy-intensive
industries and because residential and commercial buildings’ electricity use is growing
faster than industry’s.2 In 1984, the industrial sector used roughly 28 quads of energy,
residential and commercial buildings used around 26 quads, and the transportation sector
consumed almost 20 quads.3 Increased use of electricity and growth of a service-based
economy explain much of the growth in commercial sector energy consumption. The
resource mix is quite varied among the sectors of the economy. Of particular importance
for this study is the transportation sector’s overwhelming reliance on oil (Fig. 3-3).
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Trends in U.S. Energy Prices

Energy has been widely available and inexpensive throughout most of U.S. history.
From 1960 to the early 1970s, fuel and electricity prices were relatively constant or actu-
ally declined in real terms in all sectors (Fig. 3-4). Delivered energy prices increased
rapidly, however, in the period following the oil price shocks of the 1970s, leveling off in
the 1980s. The dramatic price increases contributed strongly to significant declines in
primary energy demand growth rates in each sector.

The relative price of electricity during the last several decades has steadily declined
(Fig. 3-5). For example, in the residential sector the ratio of the price of electricity to the
price of gas decreased from 6.2 in 1970 to 3.7 in 1984 [Meyers, 1985]. The decreasing
price ratio has contributed to growing reliance on eiectricity and has tended to increase
inter-fuel competition in specific energy markets (e.g., residential space heating).

Finally, it is important to keep in mind the significant differences that exist in U.S.
fuel and electricity prices between regions and among various sectors of the economy.
For example, in 1982, residential electricity prices ranged from a low of $0.032/kWh in
the Pacific Northwest to over $0.10/kWh in New York and New Jersey, while average
gas prices for industrial users were almost 30% less than for residential customers.
Inter-fuel competition in energy markets is particularly intense in regions with low elec-
tricity prices.

Major factors affecting the U.S. energy system during the early 1980s

The energy price shocks of the 1970s spurred a broad range of economic and
political/institutional responses that have significantly affected the U.S. energy system
during the 1980s (Table 3-1). In this section, we describe these major trends and quan-
tify their impact on energy consumption patterns. We also include a brief discussion of
major political initiatives that were specifically designed to improve energy security. In
addition, we discuss structural changes in the U.S. economy, focusing on those that
affect energy markets.

3-2



Table 3-1

Major factors influencing U.S. energy system

Macro-economic Trends
e Slow U.S. economic growth in the 1970s

¢ Changed structure and composition of U.S. economy

Economic
e Increased development of domestic energy sources
e Conservation

e Inter-fuel substitution: Increased reliance upon
electricity

e Increased fuel-switching capability in industrial
‘and power generation markets

Political/Institutional

e Greater reliance on market forces: Deregulation
of some energy markets

e Development of the Strategic Petroleum Reserve

e Strengthened IEA agreements

Macro-economic Trends

The two oil price shocks in the 1970s contributed étrongly to the U.S. economic
slowdown, as the economy had difficulty adjusting to shifts in the factors of production
made necessary by rapid oil price increases.  The economic slowdown, in turn, tended to
dampen energy consumption. In addition to slower growth rates in the 1970s, the U.S.
economy was undcrgoing profound, and, in some cases, wrenching structural changes,
which affected energy use. During the 1980s, there was a significant decline in tradi-
tional basic industries (steel, auto, heavy machinery, raw materials), which are typically
energy-intensive. The trend toward a service-oriented economy, with emphasis on infor-
mation services, retail and commercial trade, and final stages of manufacturing and
assembly, is expected to continue in the 1990s; it is likely, therefore, that energy produc-
tivity gains (i.e., the ratio of constant dollars of GNP per unit of primary energy) will be
realized, in part because of the decline in economic importance of energy-intensive
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sectors of the economy.5

Increased Development of Domestic Energy Resources

During the past decade, the U.S. oil and gas industry has made unprecedented
efforts to develop and explore domestic gas and oil resources. Between 1973 and 1979,
domestic drilling increased by 11% per year (Fig. 3-6). Domestic drilling peaked in 1981
at 90,100 wells (both oil and gas) -- over three times the number in 1971.6 Before the
recent oil price collapse, drilling activity was high compared to past activity. However,
disappointing discovery rates, projections of decreasing prices, and excess gas supplies
have resulted in a steady decline in drilling since 1981. Other important drilling trends to
note include: ' :

e the increasing share of successful gas wells compared to oil wells (e.g., in 1950
there were seven successful oil wells for each successful gas well; during the 1980s,
this ratio dropped to about three to one),

e developments in exploratory drilling: 1) between 70 and 80% of all exploratory
holes are dry; 2) before 1970, successful oil exploratory wells outnumbered explora-
tory gas wells by a factor of two to three; during the last 15 years, exploratory gas
and oil wells have been equally successful (each accounts for approximately 11-
13% of the total number of exploratory wells); and 3) since 1981 gas exploratory
drilling has decreased, in part because excess supplies have made it more difficult to
market new gas, and

e  dramatic decrease in development drilling since the most recent drop in oil prices;
in the third quarter of 1986, for example, development drilling was only 38% of
1985 levels.’

Despite unprecedented oil exploration, development, and production drilling, U.S.
proven crude oil reserves have declined during the last decade, roughly at the rate of 0.6
billion barrels per year. At the end of 1985, proven reserves were estimated at 28.4 bil-
lion barrels, a production-to-reserve ratio slightly in excess of nine years. Total additions
to reserves have averaged around 2.4 billion barrels per year, however, new geologic
discoveries have accounted for a relatively small fraction of these additions.” The largest
share of additions, about 1.4 billion barrels per year, comes from ‘‘revisions and adjust-
ments’’ to actual discoveries based on better information and on prospects for increased
recovery due to higher oil prices and increased use of secondary and enhanced oil
recovery techniques.

The U.S. crude oil production rate has been relatively constant over the past 10
years; from 8.2 million barrels per day were produced in 1976, a peak for the decade of
8.9 million barrels per day were produced in 1984). The slight increase in production
(despite declining reserves) can be attributed to in-fill drilling, secondary recovery,
enhanced oil recovery, and production by marginal wells. Following the decline in crude



oil prices, some production from marginal wells was lost and development drilling
decreased significantly. By November 1986, domestic oil production had fallen to 8.5
million barrels per day.

Conservation

The rapid increase in energy prices during the 1970s also spurred improvements in
energy efficiency. Gradual improvement in the energy efficiency of energy-using capital
has resulted primarily from two factors: 1) significantly lower energy intensities for the
stock of new buildings and cars, typically 40-50% lower than the existing stock, and 2)
relatively slow turnover rates. In analyzing the persistence of energy-efﬁciency improve-
ments over time, we must distinguish between behavioral and structural changes. Exam-
ples of behavioral responses to increased energy prices include reducing winter thermos-
tat settings, turning off lights, relying on public transportation, and decreasing travel by
passenger cars. Structural changes include introducing more efficient new homes and
cars as well as retrofitting existing equipment and buildings. Both kinds of changes took
place in response to the price shocks of the 1970s. Many of the behavioral changes may
be reversible in an era of lower energy prices, but the effects of structural improvements
are likely to persist and even grow as the less efficient existing stock is retired.

In transportation, average automobile fuel economy increased from 13.1 miles per
gallon (mpg) in 1973 to 17.7 mpg in 1984, a 35% improvement. A study conducted by
the Department of Energy (DOE) Office of Policy, Planning, and Analysis found that a
relatively small fraction of the reduction in automobile demand resulted from people
choosing smaller cars. Instead, most of the improvements in passenger car energy effi-
ciency are structural and unlikely to be reversed (Fig. 3-7).

In the residential sector, average primary energy consumption per household
declined by 15% between 1973 and 1984.” Delivered energy per household decreased
even more substantially during that same period -- b?ro 26% -- primarily because of
increased use of electric heating in buildings. (Fig. 3-8).

In the industrial sector, end-use energy consumption per constant dollar of industrial
output declined by 28% between 1974 and 1984. The U.S. industrial sector is extremely
diverse, although trends in energy use are determined mostly by manufacturing activities,
which account for over 75% of industrial energy consumption. The basic materials
industries (paper, chemicals, petroleum, steel, and aluminum) use approximately 80% of
total manufacturing energy (or roughly 58% of total energy consumption in the industrial
sector). Key characteristics of the basic materials industries that will strongly influence
future energy consumption patterns include:

1) Tendency of basic materials production to plunge more sharply than the rest of the
economy during an economic recession,

2)  Shift in product mix away from basic materials because many older products that
are materials-intensive have saturated the market or have been replaced by other
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products, (e.g., use of plastics rather than metals in automobiles), and

3) Newer products tend to use fewer basic materials, reflecting changes in consumer
tastes and needs as well as technological development.

In summary, the shifting product mix and ongoing energy-efficiency improvements in
the basic materials industries will most likely depress future industrial energy consump-
tion, although industry will be more affected by the growth rate of the economy than
other sectors.

The efficiency improvements in each sector (buildings, industrial, and transporta-
tion) can be summarized by looking at energy consumption per constant dollar of gross
national product. Between 1973 and 1985, the amount of energy required to produce a
constant dollar of gross national product (GNP) declined by 24% (Fig. 3-9). This indica-
tor reflects the overall energy intensity of the U.S. economy. Petroleum and natural gas
experienced the most dramatic increases, while the ratio of energy consumed per con-
stant dollar of GNP rose slightly for other energy sources.

Fuel Substitution

Fuel substitution was another major response to the oil price increases of the 1970s.
In this section, we highlight two key trends in U.S. energy markets: substitution of other
energy sources for oil and increasing reliance upon electricity.

Substitution of other energy sources for oil was particularly dramatic in the residen-
tial buildings sector. For example, between 1973 and 1983, oil sales/deliveries in the
residential sector decreased from 2.4 to 1.2 quads. This decline was caused by three to
four million households that switched away from oil as their main heating fuel, as well as
a reduction in oil use per customer of about 35% for the remaining 13 million households
that heat with oil.1 In the power generation market, oil-fired generation declined from
17% of total electricity generation in 1978 to just four percent of the total in 1985, as a
result of increases in coal-fired and nuclear-powered capacity.

Electricity’s share of delivered energy use in the United States continues to grow
(e.g., from 6% in 1960 to 14% in 1984). Electricity is popular in part because its price
has increased less rapidly than other fuel prices; real oil and gas prices more than dou-
bled between 1973 and 1983, while electricity prices increased by only about 50%. In
the residential sector, growth in electricity demand has also been influenced by appliance
saturation levels and changing demographic patterns. During the 1970s, electricity sales
to residences increased faster than the number of customers, reflecting growth in electric
heating (e.g., from 8% to 19% of all homes between 1970 and 1983) and air condition-
ing. Population shifts, from the Northeast and Midwest, where oil and gas predominate,
to the Sunbelt, where there is a growing demand for electric space conditioning, are also
a contributing factor. The increase in electricity use is also related to some of its unique
applications (e.g., electronic entertainment, computers, communications and information
services, and industrial process applications).
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Increased Fuel-switching Capability in Industrial and Power Generation Markets

Increasing oil prices coupled with the gas shortages of the mid-1970s were a strong
impetus for the industrial and power generation markets to develop increased fuel-
switching capability. Many industrial boilers now have dual-fired capacity, typically the
ability to burn either residual oil or natural gas. In the event of a supply disruption or
large price increase, those industrial boilers currently burning oil could easily switch to
natural gas. The Gas Research Institute (GRI) estimates that 5.7 quads of gas currently
used by industrial and electric utilities could by replaced by either residual fuel oil or dis-
tillatcs,14 This represents 57% of the total gas used by the industrial and power genera-
tion market and roughly 30% of U.S. primary gas energy consumption. This fuel switch-
ing capability provides flexibility in case of a gas energy emergency. It also tends to put
a ceiling on delivered gas prices and contributes to relatively stable gas prices because
industrial and electric utility gas users can switch quickly to residual fuel oil at little or
no additional cost.

Political Responses to Qil Price Shocks

Significant political responses to the oil price shocks in the 1970s included legisla-
tion that encouraged and, in some cases, mandated fuel substitution and end-use effi-
ciency improvements, as well as initiatives to improve energy security and cushion the
immediate effects of a supply shortfall (e.g., stockpiling and increased international
cooperation). During the early 1980s, greater emphasis was placed on market-based pol-
icies, in part a response to problems created by price and allocation controls in energy
markets. Efforts to deregulate energy markets were part of a broader social trend toward
deregulation (e.g., in the trucking, railroad, airline and telecommunication industries)
during this period. However, the legislative initiatives in the petroleum and electricity
industry clearly reflect some of the distinctive characteristics of energy markets (e.g.,
deregulation of only a portion of the production and distribution chain) as well as the
lack of consensus on appropriate regulatory reforms.

In 1959, the Mandatory Oil Import Control Program was enacted to protect the via-
bility of the domestic petroleum industry, which was threatened by cheaper foreign oil.
The import quota program limited the volume of imports to a fraction of domestic pro-
duction.” " In April 1973, (six months before the Arab oil embargo), the Nixon Adminis-
tration gave unrestricted foreign access to U.S. markets by ending the import quota pro-
gram. However, government price controls on oil remained in effect until 1981 and kept
U.S. oil prices below international levels. After price controls were lifted, U.S. prices
increased reached parity with world prices, and the U.S. became fully integrated with
international oil markets.

Historically, the gas industry has been extensively regulated by federal and state
governments. In 1978, Congress passed the Natural Gas Policy Act (NGPA), which
modified the existing gas regulations in several significant areas. The NGPA provided
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for gradual decontrol of wellhead prices for newly discovered gas; however, interstate
pipelines were still to be subject to rate-of-return regulation and could refuse requests to
transport gas owned by others. The NGPA was in part a political response to significant
natural gas shortages that had developed starting in 1975, as well as the large price

discrepancies between the unregulated intrastate and regulated interstate markets. ’

Attempts to encourage increased competition in electricity generation led to the pas-
sage of the Public Utility Regulatory Policies Act (PURPA) of 1978. PURPA required
utilities to buy power from ‘‘qualified facilities’’ (QFs) at the avoided cost to the utility
of generating the power itself. This obligation to purchase introduced competition in a
limited way. PURPA helped stimulate small-scale electricity production, specifically the
development of alternative energy -- wind, geothermal, small hydroelectric, and biomass
-- and industrial cogeneration projects.

Development of the Strategic Petroleum Reserve

The U.S. Strategic Petroleum Reserve (SPR) was established by the Energy Conser-
vation and Policy Act of 1975, in response to the Arab oil embargo of 1973-74. The
reserve was established to provide an emergency supply for use as a last resort in the case
of oil supply interruptions. The original intent was to have enough capacity to supply
ninety days worth of oil imports. This summer, the President decided to continue filling
the reserve beyond the level of 502 million barrels, is approximately equal to 112 days of
supply from foreign imports at 1985 import levels and 85 days at projected 1986 levels.
To mitigate the immediate effects of a major supply disruption, oil can be withdrawn and
distributed from the Strategic Petroleum reserve at 4 maximum rate of 2.3 million barrels
per day for 90 days.18 Congress has already made appropriations for 750 million barrels
of reserve.

IEA Agreements

The International Energy Agency (IEA) was established in 1974 in the aftermath of
the first oil crisis. Twenty-one Organization for Economic Cooperation and Develop-
ment (OECD) states (all OECD nations except France, Iceland and Finland) are members
of the IEA. The IEA agreements call for restraints on import demand, accumulation and
use of oil reserves, and implementation of a Féan for sharing available oil among member
nations to equalize the burden of a shortage.

The heart of the IEA crisis-management program is the oil-sharing plan. Oil sup-
plies are to be diverted from relatively less affected member countries to those suffering
disproportionate reductions in supplies as the result of an oil supply disruption. Imports
are to be reduced by all member nations by the same proportion as the reduction in world
oil supply. Each member country is allowed to choose its own methods, typically either
demand reduction or release of stockpiles, to achieve the necessary import reduction. In
principle, if the reduction in supplies were great enough, those countries with substantial
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domestic supplies (such as the United States) could be called upon to export oil in order
to equalize the shortfalls, although it is not clear that such exports would be politically
acceptable.

Recent Changes in U.S. Energy System -- Effects on Vulnerability

The economic and political responses to the energy price shocks of the 1970s have
produced a more flexible and resilient energy system in the United States. The U.S.
reduced its oil use significantly (from 18 million barrels per day in 1977 to about 15 mil-
lion barrels per day in 1985) while domestic production remained relatively steady.
Thus, U.S. dependence on imported oil was reduced as net oil imports declined by about
30 percent. Potential losses to the U.S. economy from a disruption in oil supplies were
also reduced by establishment of the Strategic Petroleum Reserve. Other features of our
current energy situation would also mitigate the consequences of an external oil market
disruption: 1) excess natural gas production capacity, 2) increased fuel-switching capa-
bility in the industrial and power generation markets, 3) improvements in the energy effi-
ciency of the building and transportation stock, and 4) energy emergency preparedness
programs and international agreements. However, the recent oil price collapse could
reverse many of these trends. Thus, we need to reassess U.S. energy vulnerability in the
context of fundamental changes that are occurring in the international energy situation as
the result of much lower oil prices.
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Figure 3-1. Primary energy production in the United States.

Source: Energy Information Administration, Monthly Energy Review, August 1986.
Department of Energy, The WOIL/ Fossil National Energy Model, September 9, 1986.
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Total Energy Consumption by Sector
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Figure 3-2. Total U.S. energy consumption by sector.

Source: Energy Information Administration, Energy Con.'servation‘ Indicators: 1984
Annual Report, p. 7.
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U.S. 0il Consumption bySector
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Real Prices for Delivered Energy by Sector
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Oil Wells, Gas Wells and Dry Holes, 1950-1985

80

70 +

60
0
%’ 650 |-
e
(@)
(7)) |
5 40
c
©
g
Q 30 | /'\ {DEVELOPMENT N
L .
- / \

P b
".‘\ \J
20 T
"""""" S——
Dry holes - ™
10 +
Gas wells
RIS
0 llJl‘lllLllLiLJllll %4"0’."?’2"‘?"’/’(

1960 1966 1960 1966 1970 1976 1980 1985
Year of Completion

Figure 3-6. Trends in U.S. domestic gas and oil drilling. Number of exploratory and
development wells drilled (both oil and gas) since 1970 is shown by shaded area. '

Source: Energy Information Administration, An Economic Analysis of Natural Gas
Resources and Supply, DOE/EIA-0481, October 1986.
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Figure 3-7. Components of fuel efficiency improvement in passenger cars.

Source: C. Difiglio and B. McNutt, Causes of Reduced Automobile Fuel Demand and its
Implications for Consumers, Office of Policy, Planning and Analysis, Department of
Energy, January 1982. | ‘
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U.S. Residential Energy Consumption
per Household |
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Figure 3-8. U.S. residential energy use per household. Energy consumption has been
adjusted for the effects of weather.

Source: S. Meyers, Energy Consumption and Structure of the U.S. Residential Sector:
Changes between 1970 and 1984, LBL- 21190, March 1986.
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Energy Consumption
per Constant Dollar of G.N.P.
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Figure 3-9. U.S. energy consumption per constant dollar of gross national product. The
ratio of petroleum and natural gas consumption per GNP fell at an annual rate of 3.8 per-
cent between 1973 and 1984, accounting for much of the decrease in energy intensity.

Source: Energy Information Administration, Energy Conservation Indtcators 1984
Annual Report, p. 6, 59-60.
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Chapter 4

U.S. AND INTERNATIONAL ENERGY OUTLOOK DURING THE 1990s

This chapter discusses the energy supply and demand outlook during the next
decade, focusing principally on economic and political factors that affect the world oil
market. We begin with a brief summary of recent developments in the world oil market.
We then review some of the major effects of lower crude oil prices on the U.S. economy
and energy industries and discuss the short-term outlook for oil prices (1986-1988).
Next, we analyze major trends in oil supply and demand from the present to the 1990s
and present two possible world energy outlooks that are linked to higher and lower oil
price trends. We conclude with a discussion of the uncertainties and hazards of forecast-
ing future trends in energy markets.

Recent Developments in the World Oil Market

World oil prices collapsed in early 1986. oil price shocks of the 1970s. On aver-
age, the price of oil in the first nine months of 1986 was half of what it had been in 1985
and spot prices sank to a low of $8-9/barrel during July 1986. In real terms, oil prices
(adjusted for inflation) have returned to pre-1973 levels. The immediate impetus for fal-
ling crude oil prices was a significant increase in OPEC production, (approximately three
million barrels per day during the fourth quarter of 1985) which occurred after OPEC’s
December 1985 meeting, at which the organization announced its intention to increase its
~ market share. As discussed in Chapter 2, several fundamental market and political forces
were at work, specifically weak demand for oil, growth in non-OPEC oil supplies, sub-
stantial unused production capacity, and OPEC’s loss of market share. These forces
created a supply/demand situation in which it was no longer possible for a non-unified
OPEC to sustain $25-28/barrel prices. (i.e., $25-28/barrel).

The 1986 price collapse has had a significant effect on world oil production. Dur-
ing the first half of 1986, oil exporting countries and 0il companies were forced to make
traumatic adjustments as they felt the full effects of the price collapse. For OPEC
nations, the increased output was not sufficient to offset lower prices, so annual oil reve-
nues declined by $40-50 billion. Many non-OPEC oil-exporting countries faced revenue
cuts of up to 50 percent. Crude oil prices were especially volatile and it became difficult
to determine actual prices. In August 1986, OPEC reached a temporary agreement that
reinstituted production quotas for individual countries and also reduced the cartel’s pro-
duction by several million barrels per day.l More significantly, for the first time, most of
the major non-OPEC exporters indicated that they too would exercise some degree of
production restraint. For example, Mexico agreed to cut production by about 150
thousand barrels per day, Norway agreed to reduce exports by 70-80 thousand barrels per
day, and the USSR said that it would reduce exports by about 100 thousand barrels per
day. Crude oil prices then stabilized around $14-16/barrel.
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With the winter heating season approaching, OPEC agreed at its October 1986
meeting to extend the accord reached in August. Later that month, Sheik Ahmed Yamani
was replaced as the oil minister of Saudi Arabia. This signaled major changes in Saudi .
policy. After Yamani’s removal, the Saudi’s announced their intention to abandon net-
back pricing and sought to re-establish crude oil prices at about $18 per barrel. Prices
have moved up to $16-19 per barrel in early 1987." However, the viability of OPEC’s
most recent agreement will depend on oil companies’ decisions about whether to increase
or decrease their inventories, production policies of non-OPEC major oil producers and
of Iraq (which did not sign the agreement), the impact of a falling dollar on oil demand,
and the willingness of other OPEC nations to produce at their allowed quota and sell at
official prices, particularly as demand slackens with the end of the heating season.

Major Effects of Lower Qil Prices

The large decline in crude oil prices reflects a shift in political and economic power
from sellers to buyers. In aggregate, oil-importing nations have benefitted from a wealth
transfer at the expense of oil-exporting countries. The reduced revenue requirements of
oil importers constitutes a stimulus to economic growth and lower inflation, especially if
low oil prices are sustained for several years. A recent Data Resources Inc. (DRI) study
concluded that the drop in oil prices would clearly benefit the U.S. economy, leading to a
modest improvement in economic growth in 1987 and 1988, but would not generate a
boom.2 In relative terms, DRI found that the positive impact on the U.S. economy of the
- price collapse would be smaller than the negative effects caused by the rapid price
increases that occurred during the mid-1970s. Factors that explain this shift in the impact
of oil prices include:

e The U.S. economy is less energy-intensive than it was in the early 1970s (e.g., to
produce $1 billion in real GNP requires 21 Quads today compared with 26 Quads of
energy in the early 1970s).

e  Oil imports currently supply a much smaller fraction of U.S. energy demand; most
of the benefits of lower oil prices are paid for out of the profits of domestic oil com-
panies. '

e Unfavorable price shocks tend to retard economic growth more than favorable
trends boost it.

e Oil companies react quickly to the negative impacts of low oil prices, but consu-
mers take longer to adjust their spending patterns.

e The price shocks of the 1970s made some inefficient energy-using equipment
obsolete; while the recent oil price collapse actually ‘‘rehabilitated’’ some fraction
of the old capital stock (e.g., a car that gets 14 MPG is no longer as uneconomic as
it was).



A recent Energy Information Administration (EIA) study estimated that real GNP would
increase by 1-2%, disposable income would increase by 2%, while unemployment would
be reduced by around 0.5 percent, and the Federal Deficit reduced by roughly 10 percent
if oil prices were $10/barrel lower each year through 1995 compared to EIA’s base case
projection (Table 4- 1)

Table 4-1

Impact of Lower Oil Prices

1986-1990 1991-1995
EIA? | Low Oil® EIA | Low Oil
Base Price " Base Price
Indicator Case Case Difference | Case Case Difference
Real GNP, Averagec
Level (Bils. ‘72%) 1913 1948 1.8% 2237 2260 1.1%
-| Unemployment Rate, :
Average Level (%) 6.9 6.3 -0.6 6.8 6.5 -0.2
Employment
(Millions) 112.7 113.8 1.1 119.5 120.0 0.5
Real Disposable
Income (Bils. ‘72%$) | 1286 1316 2.3% 1457 1488 2.1%
Fed. Deficit (Bils.$) 118.1 101.8 13.8% 102.2 91.0 11.0%

Notes to Table 4-1
2 Source: Energy Information Adm1mstrat10n (EIA), Annual Energy Outlook: 1985, Feb.
1986.

b Based on simulation results using the DRI Quarterly Model of the U.S. Economy.

© Low Oil Price Case assumes that $10/barrel is subtracted from Base Case oil price in
each year.

Source: Energy Information Administration (EIA), Impact of Lower World Oil Prices
and Alternative Energy Tax Proposals on the U.S. Economy 1985, April 18, 1986, p.
ix. '

Although lower oil prices are clearly beneficial to the nation as a whole, certain
regions of the country and specific industries are affected adversely. Several major oil
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producing states -- Texas, Louisiana, Oklahoma, Alaska -- are suffering severe fiscal
problems caused by significant reductions in state revenues from income, severance, and
other taxes. Unemployment rates in these states are well above the national average, in
double digits in most cases. In addition, the domestic petroleum industry is economically
depressed:

e the Hughes Tool Company rig count has fallen from about 2000 rigs in 1985 to
fewer than 800 rigs by mid-1986, a 62% decrease,

e 0il companies have reduced capital expenditure rates by about 30% since October
1985,

e independent producers increasingly have to finance new exploration and develop-
ment projects out of internal cash flows, because funds from private investors have
declined by 80% during the last few years, from $4.0 billion in 1981 to $0.8 billion

in 1985,

e employment in the oil and gas extraction mdustnes has fallen 21% since October
1985, a total of 127,000 jobs lost (Fig. 4- 1)

Given the long lead time for developing new resources, the full effects of current cut-
backs in oil and gas exploration and production will not be felt for years to come. Lower
capital expenditures and decreased drilling activity will certainly lower reserve additions
and domestic production. However, the short-term effects on domestic crude oil produc-
tion are already quite noticeable. U.S. crude oil production was about 300 thousand bar-
- rels per day lower in 1986 than in 1985, a 3.4% decline, while fourth quarter production
was 6.7% less than during the same period in 1985.6 Presumably, some of the production
loss, especially in the fourth quarter, is caused by the decline in development drilling. In
addition, some high-cost U.S. production, primarily stripper wells, but also enhanced oil
recovery projects, and oil wells with unusually high operating costs, has been shut
down.’ Stripper wells produce about 1.3 MMBD, and an estimated 300-400 thousand
barrels per day could be lost if oil prices stay around $15/barrel (Fig. 4-2). Under current
laws, stripper wells can be shut in temporarily for up to one year and then must either be
reopened or permanently sealed, primarily because of safety and environmental con-
cerns.

Low oil prices will also have major international repercussions. A sustained period
of low oil prices will eventually lead to significant increases in world oil demand, and a
reduction in oil production from high cost regions of the world (principally North Amer-
ica), which will begin to rely again on lower cost oil from the Persian Gulf.” In the near
term (through 1989), lower prices will probably have a greater effect on oil production
than on demand, because many conservation practices adopted after the price increases
of the 1970s have become permanent. By 1992, it is estimated that Britain’s North Sea
production could be as much as 400 thousand barrels per day lower compared to produc-
tion levels at a price of $23/barrel. 10 In addition, low oil prices pose problems for major
debtor nations that are large oil producers (e.g., Mexico); in contrast, the burden on
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developing countries that depend on oil is reduced.

Short-term Qutlook for Oil Prices

Most analysts believe that oil prices will continue to be unstable, particularly in the
near-term. For example, EIA, in its study of the impact of low world oil prices, assumed
that it was equally likely that world oil prices would average either $10, 15, or $20 per
barrel in 1986." A study by DOE’s Office of Policy, Planning and Analysis (OPPA)
concluded that there was a high probability (greater than 50%) of $15 per barrel oil
prices through 1988, with lower probabilities (i.e., 10-20%) of oil prices at $10 or $20
per barrel (Table 4-2). '
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Uncertainty in Near-Term Oil Prices

Table 4-2

Assumed Oil Price ($1986/barrel)
$10 $15% $20
OPEC Oil b
Production (MMBD) _
- 1986 20 19 <18
- 1988 23-25 22 19-20
OPEC Revenues
(billion 1985 $) _
- 1986 54 73 90
- 1988 66 82 92
Likelihood of OPEC -- High; Low
Production Agreement Maybe not
Necessary
Factors needed to ¢ OPEC Inability e Rapid Increase
sustain assumed price to agree on in Demand
production
quotas e Decrease in
non-OPEC
production
Probability 10-20% > 50% 10-20%

4Range of $13-$17 per barrel
Including 1.1 MMBD of Natural Gas Liquids
“Low likelihood of agreement because of low OPEC production level
Source: Department of Energy, Office of Policy, Planning and Analysis, ‘‘Low World
Oil Price Scenarios (draft)’’, May 1986.

The main reason for these large uncertainties in near-term prices is that demand cannot
increase quickly enough during 1986-88 to absorb even very inexpensive oil that could
be made available if unused production capacity, were put into operation.” ~ In the short
term, world oil production is likely to decline very slowly in response to low oil prices,
because direct lifting costs (i.e., short-run marginal costs of production) from most exist-
ing wells are below $5 per barrel (Table 4-3). Thus, near-term prices are dependent
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largely on OPEC production policy, particularly the decisions of Saudi Arabia.

Table 4-3
Average Crude Oil Production Costs: 1984
($/Barrel)
¢y ) 3) 4 )
Royalties
Direct | Direct Total and
Lifting | Finding || Direct | Producing || Total
Region ' Costs | Costs® || Costs | Taxes Costs
United States 4.35 8.93 113.28 2.69 15.97
Canada ' 3.94 5.39 933 3.16 | 12.49
OECD Europe 2.97 4.19 7.16 1.25 8.41
Africa - 2.87 4.37 7.24 292 10.16 |
Mideast ' 1.97 3.63 5.60 5.37 10.97
Other Eastern Hemisphere 4.08 8.98 13.06 5.27 18.33
Other Western Hemisphere 3.43 6.68 10.11 3.93 14.04
Notes to Table 4-3:

Column (3) is equal to sum of columns (1)+(2)

Column (5) is equal to sum of columns (3)+(4)

3Exploration costs (expended and capitalized) for 1981-1984 divided by oil and gas
reserve additions due to extensions and discoveries.

Source: Energy Information Administration, ‘‘The Impact of Lower World Oil Prices
and Alternative Energy Tax Proposals on the U.S. Economy’’, April 18, 1986, p. 6.

Energy Supply/Demand Outlook during the 1990s

- In the next two sections, we identify some of the key underlying forces that are
- expected to shape the energy demand and supply outlook in the U.S. and internationally
during the 1990s. We focus on factors that affect the world oil market. Much of this dis-
cussion is based on the most recent energy forecasts by government agencies, oil com-
panies, and industry groups. In particular, we draw upon projections made by the
Department of Energy’s Office of Policy, Planning, and Analysis, the Energy Informa-
tion Administration, the Gas Research Institute, Chevron Corporation, Ashland Oil
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Company, and LBL’s International Energy Studies Group (see Appendix A). 14

The U.S. Supply/Demand Outlook

Figure 4-3 shows the 1985 U.S. petroleum supply/demand balance. Transportation
accounts for over 60 percent of total petroleum demand, while industry’s share is about
26 percent. Domestic oil production was able to meég about 70 percent of this demand in
1985. During the next decade, the U. S. economy is expected to grow by 2-3% per year,
while growth in primary energy demand is expected to average just over 1% annually.
However, growth in oil demand will be relatively flat, about 50% of the rate of growth in
energy demand, for the following reasons:

e demand for motor fuel is not expected to increase much because increases in fleet
fuel efficiency are projected to offset increases in vehicle travel (e.g., the average
fuel efficiency for new U.S. cars is about 26 miles per gallon (mpg), while the
current fleet average is 17 mpg),

e the industrial sector’s oil demand will stay constant because of low growth in
energy-intensive industries and continued impact of efficiency investments,

e  most of the growth'in oil demand will come from rising diesel fuel consumption by
light and heavy trucks and increased use of residual fuel oil as the marginal fuel in
power generation.

By the year 2000, U.S. domestic oil production is projected to be more than two
million barrels per day lower than current levels. Reasons for the expected decline
include:

e relatively low world oil prices that tend to discourage exploration and development
activities, ‘

e marked decline in Alaskan oil production after 1987 (production from Prudhoe Bay
is projected to decline from the current level of 1.7 MMBD to 0.7 MMBD by the
year 2000), and

e  expected decline in older domestic fields in the 48 contiguous States.

International Supply/Demand Outlook

Figure 4-4 summarizes the world oil demand/supply situation as of 1985, and
highlights regions where oil consumption far exceeds production, (e.g, Japan, Western
Europe except for Great Britain and Norway). Between now and the 1990s, oil demand
is expected to increase relatively slowly in Western industrialized nations (i.e., OECD
countries), even at low oil prices. Chevron, for example, predicts that U.S., Japanese,
and Western European oil consumption each will grow by about 0.5-0.6% per year until
2000, while the Gas Research Institute (GRI) expects oil demand in the industrialized
nations to increase by 0.9% per year between 1985 and 1995.
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Oil demand will be relatively flat in the OECD nations because of the following
factors:

e improvements in the efficiency of oil-using capital stock,
e shift of energy-intensive basic materials industry to LDCs,

e substitution of other fuels for oil (e.g., nuclear- and coal-based electricity genera-
tion),

e fierce inter-fuel competition (natural gas and coal vs. oil) that will limit sw1tch1ng to
oil in industrial and power generation markets,

e and high prices for final petroleum products as a result of government-imposed
taxes, even at low oil prices, which will tend to depress demand.

In contrast, oil demand is expected to increase significantly in less developed coun-
" tries (LDCs), even at relatively higher oil prices. However, much less is known about the
structure of energy and oil markets in these countries than in industrialized nations; not
surprisingly, there is less consensus on predicted oil demand growth in those countries.
The LDCs are a diverse group and include newly-industrialized countries (e.g., South
Korea, Taiwan), oil-importers and exporters, members of OPEC (e.g., Venezuela,
Nigeria), as well as the People’s Republic of China (see Appendix B). Despite widely
differing economic/political systems and levels of development, LDCs share one impor-
tant feature that distinguishs them from industrialized countries: they are still undergo-
ing industrialization and urbanization. It is these two forces, industrialization and urbani-
zation, that will continue to place upward pressure on commercial energy demand. For
example, urban population growth has led to increased demand for cooking and transpor-
tation fuels. Typically, in cooking, kerosene is the fuel choice among urban lower-
income groups, with use increasing with income. Among the higher-income urban popu-
lation, kerosene is displaced by liquified petroleum gas (LPG) and/or electricity.

LBL’s historical analysis of demand growth in LDCs indicates that oil and energy
consumption has increased in both vibrant and stagnant economies and that aggregate oil
consumption increased through periods of rising and falling prices (see Appendix B,
Table B-3). Growth in oil consumption slowed to 1-2%/year after 1978 compared to 7-
9%/year in the early 1970s. Forecasts of lower real oil prices should help spur economic
growth (and oil demand) in oil-importing LDCs, although falling commodity prices and -
growing foreign debt will hamper growth in some countries. In addition, constraints on
available capital in LDCs will tend to increase growth in oil demand, as they limit invest-
ment in capital-intensive, non-oil energy technologies. LBL’s International Energy Stu-
dies Group projects that LDC oil demand will reach 24 MMBD by the year 2000,
increasing at about 3.8% per year (Table 4-4). The LBL forecast is significantly higher
than other projections -- it is at least four million barrels per day more than Chevron is
projecting for these same countries by 2000. This discrepancy illustrates the large uncer-
tainties that exist in projections of oil demand in LDCs. The world oil market will
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tighten much sooner if LDC oil demand increases at rates close to the LBL projection.

Table 4-4

LDC Oil Demand Forecast?

(Million Barrels Per Day)
1985 1990 2000
Asia 4.06 4.5 6.3
China 1.76 2.3 3.5
Africa 1.72 1.9 2.8
Latin America 443 5.4 8.1
Middle East 1.98 2.3 3.2
TOTALP 1395 162 240

Notes to Table 4-4:

Source: ‘‘BP Statistical Review of Energy’’ for 1985 data; Lawrence Berkeley Laborato-
ry, International Energy Studies Group for projections.

2 The LBL forecast by region is based on detailed individual forecasts for 13 study coun-
tries in Asia, Latin America, and Africa. In this forecast, real oil prices are assumed to

be $20/barrel in 1990, increasing steadily to $34 dollars/barrel by 2000.

b Totals may be slightly different from the sums because of rounding errors.

Barring any major new discoveries, crude oil supplies from non-OPEC producers
will most likely decline by at least two or three million barrels per day during the next
fifieen years because non-OPEC producers have limited reserves and higher production
costs than OPEC producers (see Table 4-5).15 In North America, increased crude oil pro-
duction from our neighbors, Mexico and Canada, will somewhat offset decreased U.S.
production. During this period, crude oil production from Communist countries is
expected to remain at or above current levels, as increases from China offset declines in
the Soviet Union and Eastern Europe. In addition, development of gas reserves and
reduced flaring in less developed countries is expected to result in significant increases
(about 2%/year) in the production of natural gas liquids (NGL). Non-communist NGL
production may reach five MMBD by 2000, mostly from five producers: the United
States, Saudi Arabia, Algeria, Canada, and Mexico.
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Table 4-5

" Projected Petroleum Supply from non-OPEC Producers

Country 1985 1990 2000

United States 8.93 8.2 6.2-6.3
| canada 1.46 1.1 1.5-1.55
Mexico 2.73 30 3.6-42
Western Europe 3.83 3.7-38 2.8
(mostly North Sea)
Other Non-OPEC 5.62 57 5.7
NGL Production 2.68 2.6 24
25.25 243-244 | 222-230

China 2.48 3.0 3.0
USSR 11.25 11.2 11.0
E. Europe '0.37- ' 0.25

Sources:  Chevron Corporatlon “World Energy Outlook," Junc 1986;

GRI ‘1986 GRI Baseline Projection of U S. Energy Supply and Demand ”
1986.

Two Possible Scenarios: High and Low Oil Price Trends

Forecasting future oil pricés is particularly difficult. Oil prices have stubbornly
refused to behave as predicted during the last 15 years, despite fairly strong consensus at
particular points in time on their likely direction. Figure 4-5 shows the differences
between consensus oil price forecasts at particular historical junctures (vintages I through
V) and actual price paths.”~ For example, after the second oil price shock (vintage IV
1980-82), real oil prices were predicted to reach $50 to 55 per barrel by the mid-1990s in
most forecasts (increasing by 2-3% each year, in real terms). These forecasts were based
~on the assumption that world oil demand would bump up against supply constraints
created by OPEC producers unwillingness to produce at capacity. However, this forecast
did not anticipate the downward effects on energy and oil demand of the world-wide
economic recession, relative appreciation of the U.S. dollar, conservation, and substitu-
tion.17 It is impossible to predict accurately the future path of oil prices (except within
very wide bounds), because of large uncertainties in the key assumptions upon which



price forecasts are based. Moreover, in discussing public forecasts of future oil prices, we
must be aware of a paradox associated with forecasts of rapidly rising oil prices. Produc-
ers may decide to limit production in response to a prediction that oil prices will rapidly
incrase. Although oil prices have often increased much faster than the interest rate, it is
impossible to forecast future increases in the price of oil that may resuit from producers’
reactions to various predictions. Oil producers with zero or negative inventory costs for
oil, for example, have an incentive to postpone or limit current production if they believe
a forecast that predicts rapid increases in the price of oil. If they change their current
production schedule on this basis, the supply/demand balance will be altered, making the
rapid price increase occur earlier than predicted. In addition, other producers with zero
or negative inventory costs may decide to reduce their production, once there is concrete
evidence of the start of a rapid increase in oil prices. Thus, it is not an aberration or a
correctable failure in forecasting methodology that particularly rapid increases in the
price of oil were not generally anticipated. More important, we must expect and plan for
the possibility that rapid increases in the future price of oil may well occur at times that
are not generally anticipated.

Given these caveats, we now discuss recent forecasts of future trends in the world
oil market; these forecasts were developed during and after the oil price collapse of early
1986. As in previous periods, these forecasts show similar views on the future direction
of oil prices. In Figure 4-6, we show high and low oil price forecasts of various oil com-
panies, the Department of Energy (DOE), and the Gas Research Institute, along with our

" estimate of price ranges for low and high oil price scenarios (the shaded area). The price
trends are presented as relatively smooth paths; however, it is likely that actual price
trends will be more erratic and cyclical than the smooth rates represented in the projec-
tions. For example, Chevron also developed a scenario characterized by cyclical oil price
swings, which could be caused by lagged response to business cycles or politically
motivated supply disruptions. Moreover, we can not rule out the possibility of one or
more future oil price collapses. ‘

The high oil price scenario hinges on the following key assumptions:
e  moderate and improving economic growth rates over the next 15 years (2-3%/year),

e that OPEC is able to maintain some degree of cohesion and agreement on produc-
tion and pricing levels,

e and that these price levels will not suppress demand or stimulate large-scale
exploration in high-cost frontier areas. ' '

Events and policies that would contribute to the likelihood of thé low oil price scenario
include: '

e  OPEC producers determination to maintain market share through higher production,
even if it means lower prices,
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e oil-producing nations with large reserves decide to increase production to meet ris-
ing oil demand in order to restrain price increases,

e demand for oil does not respond strongly to the current low price regime,

° and continuation of problems with alternative fuels, like coal and nuclear, which
reduce their contribution.

Over time, low oil prices will stimulate demand, which will place upward pressure on
prices; the key question in this scenario is how long lower prices could be sustained
rather than whether they can be sustained.

By the year 2000, oil prices are projected to be in the $28-34/barrel range under the
high oil price scenario, and between $18-24/barrel in the low price case. Relative to the
high oil price scenario, U.S. oil demand could increase by 1-1.5 million barrels per day
and production could decrease by 1-2 MMBD given a sustained period of low oil prices
(Table 4-6). By the mid-1990’s, even with higher oil prices, the United States will need
to import about 50% of its oil; imported oil is likely to supply over 60% of our require-
" ments in the event of lower oil prices. U.S. oil imports could range between 8 and 11
MMBD, depending on oil prices, a significant increase from the current level of 5
MMBD (Figure 4-7). Our Allies in the OECD countries are expected to be even more
dependent on imported oil, with requirements of between 13 and 16 MMBD by the mid-
1990s (Figure 4-8). Imports from OPEC, particularly Persian Gulf producers, are
expected to meet most of the growing demand in the non-Communist world. OPEC
exports as a fraction of non-Communist world oil demand are likely to exceed 50% by
the mid-1990s, approaching levels obtained in the 1970s, compared to their current share
of 30% (Figure 4-9). OPEC’s share of non-Communist world oil demand will undoubt-
edly be even higher if low oil prices persist. |
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Table 4-6
World Energy Outlook: High and Low Oil Price Scenario

High Oil Low Qil
Price : Price
S . a . b
cenario Scenario
1990 1995 2000 1995
Qil Prices ‘
(1986 $/bbl) 20 26 33 15-20
U.S. Oil Demand |
(MMBD) 17.0 17.0 17.1 18-18.5
World Qil Demand
(MMBD) 50.2 52.1 54.6 53-54
U.S. Domestic
0il Production®
(MMBD) 94 8.0 7.2 67
U.S. Energy
Demand (Quads) 83 89 94 88-91
% U.S. Imports 41 49 55 62-67
% World Oil
Supplied by OPEC 46 52 56 62

Notes to Table 4-6:

a DOE, ‘“NEPP-VI Reference Case Projections,” (draft), Jan 9, 1987.

b Composite Low Price case drawn from recent forecasts that included a Low Oil Price (See Ap-
pendix A, Table A-2).

€ Includes crude oil and natural gas liquid production.

Major Uncertainties

Although recent forecasts share similar views on key trends in the world oil market -- dec-
lining U.S. crude oil production, growing dependence on Persian Gulf suppliers, and higher
demand growth in LDCs -- they also emphasize the large uncertainties inherent in each of their
scenarios. The key factor affecting demand is probably the level of world economic growth.
For example, Rowen and Weyant estimate that world oil demand would be about ten percent
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higher by 1995 if the world’s economy grew at rate of three percent as opposed to two per-
cent.”” Demand for oil will also be affected by real oil prices, which are influenced by exchange
rate shifts between the dollar and other currencies. Huntington argues that oil demand in 1990
could be four million barrels per day higher in a hypothetical case in which the dollar depreci-
ates in value against OECD currencies (i.e., OECD prices in dollars rise by 5% per year more
than U.S. inflation) compared to a case in which exchange rate movements adjust for only differ-
ences in inflation rates between countries.”” Huntington’s study suggests that the recent depreci-
ation in the value of the dollar might act as an additional stimulus to oil demand in OECD coun-
tries, because, in real terms, oil prices are declining faster in these countries than the U.S.

However, major oil-consuming countries might adopt policies that tend to dampen oil
demand. For example, governments of the major oil-consuming countries may decide not to
pass through lower oil prices to final users by either increasing taxes on petroleum products
(e.g., Sweden, Denmark, Greece) or by not reducing controlled product prices by the full amount
of the decline in crude oil prices (e.g., Portugal, Spain). In general, these policies will tend to
dampen demand for oil, although at this time, the major oil-consuming countries (the U.S.,
J apan and Germany) have not so  far opted for this approach.

Government policies and actions increase uncertalnty on the supply side as well. For
example, governments in major oil-importing countries might decide, for national security rea-
sons, to aid their domestic oil industry either by imposing taxes on imported oil or by providing
+ tax benefits. Major producing nations will also attempt to intervene and manipulate the oil sup-
ply system. Key political issues that may affect the world oil market during the 1990s include:

e the ultimate outcome of the Iran-Iraq war and its impact on the political balance of power
in the Middle East and within OPEC,

o the willingness of major swing producing countries (principally Persian Gulf nations) to
expand output and ultimately productive capacity,

e and the amount of oil available for export from communist countries.

Finally, most forecasts explicitly acknowledge the possibility of a large-scale disruption in oil
supply, which adds another element of uncertamty to the prevailing world energy outlook for the
1990s.
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Estimated Stripper.WeIl Supply Curve

35

30 |

Price of Qil ($/bbl)
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Economic U.S. Stripper Well Production
(million barrels per day)

Figure 4-2. Estimated oil production from U.S. stripper wells at various oil prices. At oil
prices of $15/barrel, about 300,000 barrels per day of production is uneconomic.

Source: Department of Energy, ‘‘Domestic and International Oil Situation’’, September
1986.
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1985 U.S. Petroleum Supply/Demand Ba